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MEMORANDUM FOR FILE 

A Detailed Objec t ive  named "Eva lua t ion  of Landing 
Accuracy Techniques" w a s  p a r t  of t h e  Miss ion  Requirements o r i g -  
i n a l l y  approved f o r  t h e  Apollo 1 4  (H-3) m i s s i o n .  The purpose 
of t h i s  o b j e c t i v e  w a s  ' ' to  e v a l u a t e  s i g n i f i c a n t  t r a j e c t o r y  con- 
t r o l  t echniques  t h a t  a f f e c t  t h e  a b i l i t y  t o  land  a t  a p r e s e l e c t e d  
l u n a r  f e a t u r e . "  The sole f u n c t i o n a l  tes t  o b j e c t i v e  was t o  "ob- 
t a i n  d a t a  t o  a l l o w  a de te rmina t ion  of t h e  a b i l i t y  t o  l and  w i t h i n  
one k i lome te r  of a p r e s e l e c t e d  l u n a r  f e a t u r e . "  The T e s t  Condi- 
t i o n s ,  Success  Cr i t e r i a ,  Eva lua t ion ,  Data Requirements,  and 
Background and J u s t i f i c a t i o n  s e c t i o n s  followed i n  t h e  customary 
format. The Eva lua t ion  i n  p a r t i c u l a r  w a s  l a i d  o u t  i n  g r e a t  
d e t a i l ;  t h i s  w i l l  be d i scussed  l a t e r .  

Some Manned S p a c e c r a f t  Center  pe r sonne l  have opposed 
t h e  i n c l u s i o n  of a Landing Accuracy o b j e c t i v e  i n  Mission Require- 
ments.  T h e i r  p o s i t i o n  has  been t h a t  t h e  l and ing  accuracy capa- 
b i l i t y  w a s  adequate ly  demonstrated i n  t h e  Apollo 1 2  miss ion  and 
t h a t  t h e  pub l i shed  ana lyses  and r e p o r t s  on t h a t  miss ion  (i .e. ,  
References 1 and 2) r e p r e s e n t  a n  adequate  wr i te -up  of t h e  objec- 
t i v e  ( a l though  it w a s  no t  p a r t  of t h e  Requirements f o r  t h a t  m i s -  
s i o n ) .  I n  October ,  1970 t h e  o b j e c t i v e  was o f f i c i a l l y  d e l e t e d  
f r o m  t h e  Mission Requirements f o r  Apollo 14. 

This  memorandum r e p o r t s  t h e  r e s u l t s  of an examinat ion 
of t h e  Landing Accuracy o b j e c t i v e  o r i g i n a l l y  s p e c i f i e d  f o r  
Apollo 1 4  and of an  e v a l u a t i o n  of t h e  r e p o r t s  and a n a l y s e s  on 
Apollo 1 2  t h a t  would b e  r e l e v a n t  t o  t h a t  o b j e c t i v e  had i t  a p p l i e d  
t o  t h a t  miss ion .  

The Landing Accuracy Ob jec t ive  

Hinds igh t  sugges t s  t h a t  t h e  o b j e c t i v e  as w r i t t e n  f o r  
Apollo 1 4  w a s  n o t  very  w e l l  worked o u t  f o r  t h e  purposes  a t  hand. 
The Eva lua t ion  s e c t i o n  of t h i s  o b j e c t i v e  r e q u i r e s  f i r s t  t h a t  
" t h e  l o c a t i o n  of t h e  landed LM w i t h  r e s p e c t  t o  t h e  p r e s e l e c t e d  
l u n a r  c o o r d i n a t e s  s h a l l  be  determined." T h i s  and t h e  subsequent  
requi rements  do n o t  recognize  t h a t  t h e  " p r e s e l e c t e d  l u n a r  coord i -  
n a t e s "  and t h e  c o o r d i n a t e s  i n  which t h e  LM f l i e s  and l ands  a r e  
measured i n  d i f f e r e n t - - a n d  u n c e r t a i n l y  re la ted- -sys tems (see 
Appendix 1). The n e x t  e v a l u a t i o n  requi rement  i s  t h a t  the  LM 
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t r a j e c t o r y  d a t a  w i l l  be  e v a l u a t e d ,  a long  w i t h  v a r i o u s  sets of 
l a n d i n g  s i t e  c o o r d i n a t e s ,  t o  " i s o l a t e "  t h e  e f f e c t s  of each t r a -  
j e c t o r y  c o n t r o l  technique  ( s t a t e  v e c t o r  upda te ,  RLS update ,  and 
ARLS) .  I t  i s  n o t  clear what i s  t o  be ga ined  by i s o l a t i n g  t h e  
e f fec ts  of t h e s e  t echn iques ,  even i f  it could be  done. Never- 
t h e l e s s ,  seven sets of a r t i f i c i a l  t e c h n i q u e - i s o l a t i n g  c o o r d i n a t e s  
a r e  r e q u i r e d ,  each s p e c i f i e d  i n  t h e  form, " E x t r a p o l a t e d  landing  
c o o r d i n a t e s  us ing  t h e  * * * t e c h n i q u e ( s )  ( c o r r e c t e d  f o r  r edes ig -  
n a t i o n  i f  a p p l i c a b l e )  .I1 This k ind  of a n a l y s i s  i g n o r e s  t h e  s t a t i s -  
t i cs  and u n c e r t a i n t i e s ,  a s  w e l l  as t h e  d i s t u r b a n c e s  t h a t  produce 
i n c o n s i s t e n c i e s  between measurements made i n  d i f f e r e n t  o r b i t s  o r  
i n  d i f f e r e n t  pas ses  of t h e  same o r b i t  (see Appendix 2 ) .  The f i n a l  
s e c t i o n  of t h e  Eva lua t ion  requirements  concerns t h e  e f f e c t s  on 
p r o p e l l a n t  consumption of us ing  t h e  SPS f o r  DO1 and of f l y i n g  
t h e  d e s c e n t  t r a j e c t o r y  wi th  i n c r e a s e d  h o r i z o n t a l  v e l o c i t y  a t  low 
g a t e .  These m a t t e r s  w e r e  perhaps added as an a f t e r t h o u g h t  and 
i n  any case do n o t  apply t o  Apollo 1 2 .  

Landing Accuracy C a p a b i l i t y  a s  Demonstrated and Reported 
i n  Apollo 1 2  

A r easonab le  "Evaluat ion" requi rement  f o r  a Landing 
Accuracy miss ion  o b j e c t i v e  should addres s  s p e c i f i c a l l y  t h e  capa- 
b i l i t y  of r each ing  a landing  a t ,  or accep tab ly  near t o ,  a p re -  
s e l e c t e d  p o i n t .  The p r e s e l e c t e d  p o i n t s  a r i s i n g  i n  t h e  Apollo 
Program a r e  p icked  o u t  on t h e  h i g h e s t - r e s o l u t i o n  s u r f a c e  photo- 
graphs  a v a i l a b l e ,  on the  bases  of i n t e r e s t  and landing  f e a s i -  
b i l i t y .  They are t h e r e f o r e  a s s o c i a t e d  p r i m a r i l y  w i t h  v i s i b l e  
p h y s i c a l  s u r f a c e  f e a t u r e s ,  and only  a r t i f i c i a l l y  w i t h  any sets 
of numbers c a l l e d  coord ina te s .  The s p a c e c r a f t  and t r a j e c t o r y  
d e s i g n  a f f o r d  t h e  LM c r e w  cons ide rab le  freedom t o  observe  t h e  
area be ing  approached and t o  r e d e s i g n a t e  t h e  au tomat ic  l and ing  
t a r g e t  i n  t h e  l a s t  1 0 0  seconds of t h e  a u t o m a t i c a l l y  guided p a r t  
of t h e  d e s c e n t ,  and t o  maneuver t o  a l and ing  p o i n t  of t h e i r  
c h o i c e  a f t e r  assuming manual c o n t r o l .  The a b i l i t y  of LM crews 
t o  do th i s - -g iven  s u f f i c i e n t  t i m e ,  s u i t a b l e  l i g h t i n g  c o n d i t i o n s ,  
e t c . - -has  been demonstrated t w i c e  on t h e  Moon and many times i n  
s i m u l a t i o n  and i s  n o t  a t  i s s u e  i n  t h i s  memorandum. The q u e s t i o n  
of t h e  c a p a b i l i t y  of l a n d i n g  a t  a p r e s e l e c t e d  p o i n t  i s  t h e n  t h a t  
of t h e  c a p a b i l i t y  of t h e  system t o  r e l i a b l y  b r i n g  t h e  c r e w  w i t h i n  
redesignat ion and manual maneuver range of a d e s i g n a t e d  f e a t u r e  
of t h e  l u n a r  s u r f a c e .  

There i s  no q u e s t i o n  t h a t  i n  t h e  Apollo 1 2  miss ion  
t h e  system d i d  b r i n g  t h e  LM and c r e w  w i t h i n  range of t h e  p re -  
s e l e c t e d  p o i n t  and t h a t  a landing w a s  made a t  t h e  d e s i r e d  p l a c e .  
The LM touched down a l i t t l e  ove r  500  f e e t  nor thwes t  of t h e  
Surveyor ,  on t h e  r i m  of t h e  crater  i n  which t h e  Surveyor s t a n d s .  
The Surveyor i t s e l f  w a s  t h e  t a r g e t e d  l a n d i n g  p o i n t .  An a n a l y s i s  
by MSC (Reference  2 )  s t a t e s  t h a t  t h e  t a r g e t  ( i . e . ,  t h e  t a r g e t  
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c o o r d i n a t e s  i n  t h e  LM guidance computer) w a s  1 7 0  f e e t  too f a r  
s o u t h  and 3 8 0  f ee t  t o o  f a r  w e s t ,  o r ,  i f  a d e l i b e r a t e l y  n e g l e c t e d  
310-foot  a d d i t i o n a l  c o r r e c t i o n  w e r e  i n c l u d e d ,  250 f e e t  t o o  f a r  
s o u t h  and 80 fee t  t o o  f a r  w e s t .  Th i s  s p e c t a c u l a r  s u c c e s s  and 
t h i s  k i n d  of r a t h e r  complacent a n a l y s i s  have tended  t o  obscu re  
t h e  p o s s i b i l i t y  t h a t  a number of  p o t e n t i a l l y  large e r r o r s  j u s t  
happened t o  be  s m a l l  o r  t o  c a n c e l  each o t h e r  o u t ;  i n  o t h e r  words,  
t h e  p o s s i b i l i t y  t h a t  t h e  Apollo 1 2  s u c c e s s  w a s  a f l u k e  r e s u l t i n g  
from t h e  consp i r acy  of t h e  s t a t i s t i c s ,  and n e x t  t i m e  w e  may 
r e c e i v e  a h o r r i d  s u r p r i s e .  So t h e  key word i n  t h e  s t a t e m e n t  of 
t h e  r e l e v a n t  q u e s t i o n  becomes r e l i a b l y :  i t  i s  necessa ry  t o  exam- 
i n e  t h e  e r r o r s  ( d i s p e r s i o n s )  i n  t h e  i n p u t s  t h a t  are c r i t i c a l  t o  
a r r i v a l  a t  t h e  au tomat i c  d e l i v e r y  p o i n t .  

These e r r o r s  may be d i v i d e d  c o n v e n i e n t l y  if n o t  v e r y  
r i g o r o u s l y  i n t o  e r r o r s  i n  LM p o s i t i o n  and v e l o c i t y  and e r r o r s  i n  
l a n d i n g  s i t e  p o s i t i o n .  These t e r m s  depend on t h e  c o o r d i n a t e  s y s -  
t e m  assumed b u t  bo th  mean e r r o r s  i n  t h e  c o o r d i n a t e s  i n  t h e  LM 
computer.  I f  it i s  assumed t h a t  t h e  l a n d i n g  s i t e ' s  c o o r d i n a t e s  
are r e a l l y  t h o s e  t h e  LM computer i s  u s i n g  f o r  i t - - i . e . ,  t h a t  t h e  
e r r o r  i n  t h e  l a n d i n g  s i t e  p o s i t i o n  i s  zero-- then,  by d e f i n i t i o n ,  
any d i s c r e p a n c i e s  l i e  e n t i r e l y  i n  t h e  LM computer ' s  i d e a  of  i t s  
own p o s i t i o n  i n  t h e  c o o r d i n a t e  system it  i s  us ing .  I f ,  on t h e  
o t h e r  hand,  i t  i s  dec ided  t h a t  t h e  LM computer knows i t s  own 
s t a t e  v e c t o r  i n  i t s  c o o r d i n a t e  system p e r f e c t l y ,  a l l  d i s c r e p a n c i e s  
l i e  i n  t h e  l a n d i n g  s i t e  c o o r d i n a t e s  h e l d  i n  t h e  computer.  The 
rea l - l i fe  s i t u a t i o n  i n  t h e  l a n d i n g  p a s s  i s  g e n e r a l l y  no such 
s i m p l e  case,  however; i t  w i l l  be  more l i k e  t h e  fo l lowing :  

a )  The p o s i t i o n  of t h e  l a n d i n g  s i t e  h a s  been c a l c u l a t e d  
from o p t i c a l  o b s e r v a t i o n  d a t a  t a k e n  from t h e  CM. The 
c o o r d i n a t e s  computed f o r  i t  are t h e r e f o r e  i n  t h e  coor- 
d i n a t e  system determined by t h e  t r a c k i n g  d a t a  p r o c e s s i n g  
and f i t t i n g  i n  t h e  p a s s  i n  which t h e  o b s e r v a t i o n s  w e r e  
made. 

b )  There are e r r o r s  o f  o b s e r v a t i o n  i n  t h e  l a n d i n g  s i t e  
p o s i t i o n  de te rmina t ion  d e s c r i b e d  above. 

c) Because o f  t h e  incomplete  g r a v i t y  model (and o t h e r  
unmodelled p e r t u r b a t i o n s )  t h e  LM computer p r o p a g a t e s  
i t s  own t r a j e c t o r y  i n a c c u r a t e l y .  I n  a s h o r t  t i m e  
(e.g. ,  one r e v o l u t i o n )  a f t e r  a " p e r f e c t  update"  t h e  
c o o r d i n a t e s  c a l c u l a t e d  by t h e  LM f o r  i t se l f  w i l l  
become s e r i o u s l y  i n  e r r o r .  

d )  The c o o r d i n a t e  system i n  which t h e  LM's t r a j e c t o r y  
i s  c u r r e n t l y  being t r a c k e d ,  f i t t e d ,  and computed w i l l  
a l s o  change s l i g h t l y  i n  each p a s s ,  t h u s  d r i f t i n g  away 
from t h e  system i n  which t h e  upda te  w a s  made. 
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e)  The system i n  which t h e  l and ing  s i t e  c o o r d i n a t e s  
(wi th  t h e i r  o b s e r v a t i o n a l  u n c e r t a i n t i e s )  are known 
may also be d i f f e r e n t  from t h a t  of t h e  update ,  de- 
pending on which p a s s  t h e  s i g h t i n g s  w e r e  made i n .  
T o  a s s u r e  accu ra t e  l and ing  p o i n t  t a r g e t i n g ,  t h e r e f o r e ,  

it i s  necessa ry  t o  update  t h e  LM s t a t e  v e c t o r  a s  l a t e  a s  p o s s i b l e ,  
i n  t h e  c o o r d i n a t e  system i n  which t h e  l and ing  s i t e  p o s i t i o n  has  
been observed ( o r  as  c l o s e  t o  it a s  w e  can g e t ) .  The t echn iques  
adopted w i t h  such success  i n  Apollo 1 2  t o  accomplish t h e s e  ends  
w e r e :  

1. 

2. 

3 .  

Determinat ion of t h e  r e l a t i v e  p o s i t i o n  of t h e  CSM 
(and LM) w i t h  respect t o  t h e  l and ing  s i t e  by land-  
mark t r a c k i n g  i n  a l a t e  p re -descen t  p a s s .  Th i s  d e t e r -  
mines l and ing  s i t e  c o o r d i n a t e s  (RLS) i n  t h e  system 
of t h e  e x i s t i n g  s p a c e c r a f t  o r b i t  and t r a c k i n g  a n a l y s i s .  

An update  of t h e  LM s t a t e  v e c t o r  e a r l y  In t h e  l and ing  
p a s s ,  based on the  pass - to-pass  propagat ion  e r r o r s  
determined i n  t h e  p rev ious  r e v o l u t i o n s .  

A f i n a l  c o r r e c t i o n  (ARLS) t o  t h e  LM p o s i t i o n ,  e n t e r e d  
j u s t  a f t e r  Powered Descent I n i t i a t i o n  ( P D I ) .  T h i s  
c o r r e c t i o n  i s  app l i ed  on ly  t o  t h e  downtrack coordi- 
n a t e  and f o r  convenience i s  e n t e r e d  a s  an ad jus tmen t  
t o  t h e  t a r g e t e d  landing  p o i n t  c o o r d i n a t e s  r a t h e r  than  
t o  t h e  LM coord ina te s .  

The e r r o r s  e n t e r i n g  c r i t i c a l l y  i n t o  t h e  L M ' s  au tomat i c  
a r r i v a l  a t  t h e  d e s i g n a t e d  f e a t u r e  on t h e  l u n a r  s u r f a c e  are then:  

1. Landmark t r a c k i n g  errors, i . e . ,  t h e  e r r o r  i n  t h e  meas- 
urement of t h e  p o s i t i o n  of t h e  des igna ted  f e a t u r e .  

2 .  The error i n  t h e  updated s t a t e  v e c t o r  e n t e r e d  i n t o  
t h e  LM guidance i n  t h e  l and ing  p a s s .  

3 .  The error i n  t h e  f i n a l  c o r r e c t i o n ,  a p p l i e d  t o  t h e  
l and ing  s i t e  c o o r d i n a t e s ,  a t  t h e  beginning  of t h e  
powered descen t .  

4 .  The error accumulated d u r i n g  t h e  powered d e s c e n t .  

The only  ones  of t h e s e  t h a t  appear  t o  be  s i g n i f i c a n t  
under  nominal c o n d i t i o n s  are N o .  1 and N o .  4 (Appendix 2 ) .  
Apol lo  t r a c k i n g  is  of such p r e c i s i o n  t h a t  even though no s i n g l e  
f i t  i s  very  good i n  t h e  sense t h a t  it d e s c r i b e s  t h e  s p a c e c r a f t  
motion a c c u r a t e l y  ove r  a long p e r i o d  of many r e v o l u t i o n s ,  t h e  
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d i f f e r e n c e s  between a propagated  f i t  and t h e  n e x t  f i t  can be 
de termined  ve ry  a c c u r a t e l y .  I n  a d d i t i o n ,  t h e r e  are  many p a s s e s  
of  d a t a  a v a i l a b l e  f o r  comparison i n  v a r i o u s  combinat ions b e f o r e  
P D I ,  so  t h a t  t h e  p ropaga t ion  errors p e r  p a s s  and t h e  t r e n d s  i n  
t h e  e r r o r s  can be  determined w i t h  good conf idence  (Reference  5 ) .  
The f i n a l  downtrack c o r r e c t i o n  o r  ARLS i s  de termined  p r i m a r i l y  
from t h e  d i f f e r e n c e  between t h e  LM a l t i t u d e  r a t e  from t h e  cu r -  
r e n t  f i t  and t h a t  from t h e  LM computer; t h i s  q u a n t i t y  i s  moni- 
t o r e d  f o r  abou t  5 minutes  be fo re  P D I  so t h a t  an a c c u r a t e  and 
c o n s i s t e n t  v a l u e  may be  de r ived .  The measurement i s  very  s e n s i -  
t i v e  and i s  shown by i t s  agreement w i t h  t h e  two backup modes o f  
d e t e r m i n a t i o n  (References  5 and 6 )  as w e l l  as i t s  s e l f - c o n s i s -  
t ency  t o  be  ve ry  dependable .  

I f  t h e  s i g n i f i c a n t  e r r o r s  of  Appendix 2 are combined 
i n  a root-sum-square,  t h e  r e s u l t  i s  a 99% p r o b a b i l i t y  e l l i p s e  
w i t h  a semi-axis  of  3440 f e e t  ( j u s t  o v e r  one k i l o m e t e r )  i n  t h e  
downtrack dimension and 4 1 2 0  f e e t  c r o s s t r a c k .  

Conclusions 

I t  may b e  concluded t h a t  i f  ground t r a c k i n g  and da t a  
h a n d l i n g  and p r o c e s s i n g  are nominal ( i n c l u d i n g  t h e  l a t e  upda te s  
t o  t h e  L M ) ,  and i f  good s i g h t i n g s  are  o b t a i n e d  on t h e  l a n d i n g  
s i t e  i n  p re -descen t  p a s s e s ,  t h e  p r o b a b i l i t y  t h a t  t h e  guidance  
sys tem would b r i n g  t h e  LM t o  a l a n d i n g  w i t h i n  1 km of t h e  desig- 
n a t e d  p o i n t  i s  c l o s e  t o  9 9 % ,  and t h e r e f o r e  t h e  p r o b a b i l i t y  t h a t  
t h e  LM w i l l  be w i t h i n  r e d e s i g n a t i o n  range  of t h e  d e s i r e d  p o i n t  
a t  h i - g a t e  i s  s a t i s f a c t o r y .  The au tomat i c  gu idance  l a n d i n g  
e r r o r  e l l i p s e  now b e i n g  c i t e d  by MSC f o r  Apollo 1 4  has  semi-axes 
3400 f e e t  downtrack by 4500 f e e t  c r o s s t r a c k ,  i n  good agreement 
w i t h  t h e  numbers above. 

I t  may f u r t h e r  be concluded t h a t  t h e  d e s i r e d  l a n d i n g  
accuracy  c a p a b i l i t y  w a s  demonstrated i n  t h e  Apollo 1 2  m i s s i o n ,  
and t h a t  t h e  d a t a  r e p o r t e d  s u p p o r t  t h a t  conc lus ion .  

The i n f o r m a t i o n  needed t o  r e a c h  t h e s e  c o n c l u s i o n s  i s  
n o t  p r e s e n t e d  i n  any s i n g l e  document, however, no r  i s  it r e a d i l y  
a v a i l a b l e .  N e i t h e r  does t h e r e  appear  t o  be any p u b l i s h e d  a n a l y s i s  
l e a d i n g  t o  o r  s u p p o r t i n g  t h e  t e c h n i c a l  conc lus ions .  While t h e  
i n c l u s i o n  of a l a n d i n g  accuracy o b j e c t i v e  i n  t h i s  m i s s i o n ' s  
r equ i r emen t s  would n o t  have gua ran teed  t h e  i n f o r m a t i o n  and a n a l y s e s  
b e i n g  p r e s e n t e d  i n  more r e l e v a n t  forms or assembled i n t o  one 
document, t h e  i n f e r e n c e  i s  i n e s c a p a b l e  t h a t  a formal  s t a t e m e n t  
of such  an o b j e c t i v e  would a t  l e a s t  e s t a b l i s h  o f f i c i a l  i n t e r e s t  
i n  and need f o r  an answer t o  t h e  q u e s t i o n .  
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While t h e  work r e p o r t e d  i n  t h i s  memorandum and o t h e r  
p u b l i s h e d  pape r s  l e a d  t h e  a u t h o r  t o  conclude t h a t  t h e  l a n d i n g  
accuracy  c a p a b i l i t y  does e x i s t  and has  been demonst ra ted ,  and 
t h a t  t h e r e f o r e  t h e r e  would be no th ing  t o  be ga ined  by r e i n s t a t i n g  
t h e  o b j e c t i v e  f o r  Apollo 1 4 ,  a n o t h e r  more g e n e r a l  managerial  con- 
c l u s i o n  i s  a l s o  sugges t ed .  If  t h e r e  i s  o f f i c i a l  i n t e r e s t  i n  a 
m i s s i o n  problem, of  such  n a t u r e  t h a t  answers are r e q u i r e d  t o  
q u e s t i o n s  i n v o l v i n g  mis s ion  o p e r a t i o n s  and miss ion-genera ted  
da t a ,  it i s  e s s e n t i a l  t h a t  t h e  problem and t h e  q u e s t i o n s  be ade- 
q u a t e l y  worked o u t  and formal ly  i n c o r p o r a t e d  i n t o  t h e  Mission 
Requirements as a Detailed O b j e c t i v e .  While t h i s  does  n o t  gua r -  
a n t e e  an adequate  r e sponse ,  i t s  absence  p r a c t i c a l l y  g u a r a n t e e s  
no r e sponse .  

2 0 1 3-WWE- s l r  

Attachments  

FJ. W .  Enni P 



MAP COORDINATES VS APOLLO REAL-TIME COORDINATES 

The " p r e s e l e c t e d  l u n a r  coord ina tes ' '  come from a map. 
The map c o n s i s t s  of a p i c t o r i a l  r e p r e s e n t a t i o n  of a p a r t  of t h e  
l u n a r  s u r f a c e ,  w i t h  a g r i d  of numbered l i n e s  o v e r l a i d .  When a 
p o i n t  o r  f e a t u r e  i s  s e l e c t e d ,  numbers o r  c o o r d i n a t e s  are a s s igned  
t o  i t  by i n t e r p o l a t i o n  between t h e  numbers on t h e  g r i d  l i n e s .  
The numbers on t h e  g r i d  l i n e s  a r e  d e r i v e d  from c o o r d i n a t e s  c a l -  
c u l a t e d  f o r  t h e  Lunar  O r b i t e r s  t h a t  made t h e  photographs f r o m  
w h i c h  t h e  map was cons t ruc t ed .  Those c o o r d i n a t e s  w e r e  d e r i v e d  
from t h e  t r a c k i n g  ana lyses  of t h e  O r b i t e r s  i n  t h e i r  photogranhic  
p a s s e s  i n  t h e i r  v a r i o u s  o r b i t s .  The LM f l i e s  ( i . e . ,  i t s  t r a j e c -  
t o r y  i s  determined and i t s  coord ina te s  are r e p o r t e d )  i n  a d i f -  
f e r e n t  c o o r d i n a t e  system de f ined  i n  t h e  course  of t r a c k i n g  t h e  
Apollo s p a c e c r a f t ,  pas s  by p a s s ,  i n  t h e  o r b i t  i n  which t h e y  have 
been i n s e r t e d  f o r  t h e  mission i n  p r o g r e s s .  That  t h e  c o o r d i n a t e  
systems are r e a l l y  d i f f e r e n t  i s  shown by t h e  almost  unvarying 
f i n d i n g  t h a t  d i f f e r i n g  coord ina te s  a r e  gene ra t ed  f o r  t h e  s a m e  
p o i n t  when t h e  v e h i c l e  t r a j e c t o r y  and t h e  t r a c k i n g  d a t a  proces-  
s i n g  a r e  changed. An example i s  t h e  v a r i a t i o n  of t h e  t r a c k i n g  
r e s i d u a l s  w i t h  t h e  l u n a r  g r a v i t a t i o n a l  p o t e n t i a l  model used a s  
w e l l  a s  w i t h  t h e  s p a c e c r a f t  o r b i t a l  c h a r a c t e r i s t i c s .  Another 
and immediately r e l e v a n t  example i s  t h e  f a c t  t h a t  t h e  best  "map" 
( i . e . ,  Orbi te r -de te rmined)  p o s i t i o n  of Surveyor I11 w a s  about  
1 . 5  km from t h e  p o s i t i o n  determined by o p t i c a l  o b s e r v a t i o n s  from 
t h e  Apollo 1 2  CSM; t h e  p o s i t i o n  as determined by J P L  from t r a c k i n g  
of t h e  Surveyor was a t  s t i l l  a t h i r d  p o i n t  about  a k i l o m e t e r  
d i s t a n t  from bo th  of t h e  o ther  two. I t  appears  t h e n  t h a t  t h e  
p o s i t i o n  of t h e  landed LM wi th  r e s p e c t  t o  t h e  p r e s e l e c t e d  l u n a r  
c o o r d i n a t e s  i s  n o t  very  meaningful o r  u s e f u l .  The p o s i t i o n  of 
t h e  a c t u a l  landed LM w i t h  r e s p e c t  t o  t h e  a c t u a l  Surveyor I11 
of course  d e f i n e s  t h e  r e l a t i v e  accuracy of t h e  achievement of 
t h e  l and ing  i n t e n t i o n s ,  r e g a r d l e s s  of t h e  c o o r d i n a t e  systems used .  
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UNCERTAINTY ENTERING DESCENT TARGETING 

The updated l and ing  s i t e  p o s i t i o n  (RLS) i s  d e r i v e d  
from t h e  "best" p re -descen t  CSM o b s e r v a t i o n  o f  t h e  i n t e n d e d  
l a n d i n g  p o i n t  ( o r  a landmark a s s o c i a t e d  w i t h  i t) from o r b i t .  
Examination o f  a l l  of t h e  p o s i t i o n  o b s e r v a t i o n s  of  Surveyor  I11 
and t h e  landed  LM i n  Apollo 1 2  (References  2 ,  4 ,  7 )  i n d i c a t e s  
t h a t  t h e  p r o b a b l e  e r r o r  of a ground p o s i t i o n  de te rmined  by a 
s i n g l e  o b s e r v a t i o n  i s  abou t  1 2 0 0  f t  downtrack and abou t  1 0 0 0  f t  
c r o s s t r a c k ;  t h e  9 9 %  p o i n t s  a r e  abou t  3100 f t  downtrack and 
2500  f t  c r o s s t r a c k .  An u n c e r t a i n t y  of  t h i s  magnitude i n  t h i s  
c r i t i c a l  q u a n t i t y  canno t  be  n e g l e c t e d  i n  an  e v a l u a t i o n  of  t h e  
c a p a b i l i t y  of  l a n d i n g  a t  o r  n e a r  a s e l e c t e d  p o i n t  on t h e  l u n a r  
s u r f  ace. 

A pre-miss ion  l and ing  d i s p e r s i o n  a n a l y s i s  (Reference  3 )  
( a  Monte C a r l o  s i m u l a t i o n )  p r e d i c t e d  a 99% d i s p e r s i o n  e l l i p s e  
0 . 2 4  nm (1450 f t )  downtrack by 0 . 5 4  nm (3300  f t )  c r o s s t r a c k ,  pro-  
p a g a t i n g  from a p e r f e c t  update  j u s t  b e f o r e  P D I .  These u n c e r t a i n -  
t i e s  t h e r e f o r e  r e f l e c t  t h e  e f f e c t s  o f  t h e  errors i n c l u d e d  i n  t h e  
s i m u l a t i o n  over t h e  segment of  t h e  t r a j e c t o r y  from PDI  t o  l a n d i n g .  
The s i m u l a t i o n  took i n t o  account  PGNCS errors,  t e r r a i n  v a r i a t i o n s ,  
DPS v a r i a t i o n s ,  and l a n d i n g  r a d a r  e r r o r s .  I t  d i d  n o t  a l l o w  f o r  
any p e r t u r b a t i o n s  due t o  t h e  u n p r e d i c t e d  lumpiness of  t h e  l u n a r  
g r a v i t y .  
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